Protein transport to choroid and retina following periocular injection: theoretical and experimental study.
Ocular neovascularization is a major cause of blindness in several diseases including age-related macular degeneration (choroidal neovascularization) and diabetic retinopathy (retinal neovascularization). Antiangiogenic agents with clinically significant effects exist, but a key question remains: how to effectively deliver drugs to the site of neovascularization. Periocular delivery of drugs or proteins is less invasive and safer than intravitreous delivery, but little is known regarding how and to what extent agents access intraocular tissues after periocular injection. We present a computational model of drug or protein transport into the eye following periocular injection to quantify movement of macromolecules across the sclera of the mouse eye. We apply this model to the movement of green fluorescent protein (GFP) across the mouse eye and fit the results of in vivo experiments to find transport parameters. Using these parameters, the model gives the profile of interstitial GFP concentration across the sclera, choroid and retina. We compare this to predictions of transport following intravitreous injections. We then scale up the model to estimate the transport of GFP into the human choroid and retina; the thicker sclera decreases transscleral delivery. This is the first model of ocular drug delivery to explicitly account for transport properties of each eye layer.